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Background: Mycoplasma genitalium (MG) is one of the common causes of non-gonococcal urethritis (NGU) in
men and is associated with cervicitis, endometritis, and pelvic inflammatory diseases (PID) in women. The
prevalence of MG infection has been reported to be high among female sex workers (FSWs) in many countries, but
limited information is known among this population in China.
Methods: From July to September 2009, venue-based FSWs were recruited in two cities (Wuzhou and Hezhou) of
Guangxi Autonomous Region in southwest China. Information of socio-demographic and behavioral characteristics
was collected by a questionnaire-based interview. Cervical specimens were obtained for detection of MG using a
real-time polymerase chain reaction (PCR) assay targeting mgpA gene.
Results: The overall prevalence of MG infection among 810 FSWs was 13.2% (95% CI = 10.87%–15.52%). MG
infection was significantly associated with less education (adjusted odds ratio (AOR) = 2.36, 95% CI = 1.15–4.87)
consisting of junior high school or below, being single (AOR= 2.27, 95% CI = 1.42–3.62), migrant background
(AOR= 2.03, 95% CI = 1.29–3.20), and absence of any STI symptoms in the previous year (AOR= 1.66, 95%
CI = 1.09–2.52).
Conclusions: MG infection was prevalent among FSWs in the study areas. This pattern of infection suggests that an
increasing attention should be paid to MG screening and treatment in this high risk population.Background
Mycoplasma genitalium (MG) was first isolated from the
urethras of two men with nongonococcal urethritis
(NGU) in 1980 [1], and it has been widely recognized as
a sexually transmitted pathogen and one of the common
causes of NGU [2]. MG is associated with cervicitis [3],
endometritis [4], and pelvic inflammatory diseases (PID)
[5] in women. If left untreated, MG infection can lead to
tubal factor infertility [6,7].
In China, NGU has been resurgent since 1980s and
used to be one of sexually transmitted infections (STIs)
for case-reporting before 2008. Since then NGU has
been replaced by Chlamydia trachomatis (CT) for na-
tional sentinel surveillance programme [8]. A few studies* Correspondence: yinyp@ ncstdlc.org
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reproduction in any medium, provided the oron MG were conducted in China, showing a prevalence
rate of 20.6% to 25% among NGU patients [9,10], and
44.19% among non-chlamydial NGU patients [10]. These
findings indicate that MG infection is prevalent in
China. In women, MG is related to the inflammatory
syndromes of the female reproductive tract. MG was
found to be positively associated with urethritis and
microscopic signs of cervicitis and/or mucopurulent cer-
vical discharge in a literature review [11]. In addition,
MG was found to be positively associated with PID [4,5]
[12,13]. The associations of MG with preterm birth and
of MG with tubal infertility were also reported [6,7].
There have been many studies globally to determine
the disease burden of MG and its associated factors in
high-risk groups, particularly in female sex workers
(FSWs). MG infection is common among FSWs. A study
among FSWs in west Africa indicated that the preva-
lence of MG was higher than that of CT or Neisseriatd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly cited.
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that MG had a greater incidence (22.7 per 100 women-
years) than that for both CT and NG among FSWs in
Kenya [15]. In China, a few studies on MG prevalence in
FSWs were conducted with relatively small sample size
[16,17]. The limitation of such studies in China may be
partially related to the ignorance of this infection in
STD control programs and/or the lack of commercially
available testing kits. The current study was aimed to
determine the prevalence and the associated factors of
MG infection among FSWs in two cities of Guangxi Au-
tonomous Region in southwest China.
Methods
Study population
FSWs were recruited from varying work venues in two
cities, Wuzhou and Hezhou, in Guangxi Autonomous
Region, China. The venues where women solicited their
sex clients in two study sites (Wuzhou and Hezhou)
were mapped to determine the nature and location of
each venue and a stratified random sample of the venues
was identified. In each selected venue, a convenience
sample of FSWs was recruited for questionnaire survey
and cervical specimen collection. Eligibilities to partici-
pate in this study were females who were older than
18 years and reported providing commercial sex in the
past year. The venues where FSWs were recruited
included karaoke bars, star hotels, hair salons, barber
shops, massage parlors, foot bathing shops, roadside
shops, guesthouses, and roadside restaurants. FSWs who
solicited on the streets or in other public outdoor places
were recruited as well. The study protocol was reviewed
and approved by the Ethics Committee of the National
Center for STD Control in Nanjing, China.
Survey methods
Eligible FSWs were invited to participate in the study
after receiving a brief introduction of the study from
outreach workers. After informed consent was obtained,
the participants were interviewed by outreach workers
with a structured questionnaire to collect information
on socio-demographic characteristics, behavioral charac-
teristics, and STI symptoms (discharge, pain, bleeding,
discomfort, etc.) in the past year. Cervical swabs were
collected by trained nurses.
Laboratory test
Cervical swab samples were shipped to the National
Reference Laboratory of the National Center for STD
Control in Nanjing and stored at −70°C until testing for
MG, The test was performed using a previously pub-
lished and validated method of real-time PCR targeting
the mgpA gene [18]. DNA was extracted from cervical
swabs using the QIAmp DNA Mini Kit (Qiagen, GmbH,Germany) according to the manufacturer’s instructions.
For detecting a 78 bp fragment of the mgpA gene, each
PCR reaction was carried out in a total volume of 25 μl
of reaction mixture containing 5 μl template DNA, 1×
reaction buffer, 3.5 mM MgCl2, 200 μM dNTP mix,
0.625U HotStar Taq Polymerase (Qiagen, GmbH,
Germany), 1.0 μM each primer (the forward primer
MgPa-355 F, 5'-GAG AAA TAC CTT GAT GGT CAG
CAA-3'; the reverse primer MgPa-432R, 5'-GTT AAT
ATC ATA TAA AGC TCT ACC GTT GTT ATC-3'),
and 0.1 μM MgPa-380 Taqman MGB probe (5'-FAM-
ACT TTG CAA TCA GAA GGT-MGB-3') (Applied
Biosystems, USA). PCR amplification was performed in
a Lightcycler 480 instrument (Roche, Switzerland) under
the following conditions: HotStar Taq Polymerase activa-
tion at 95°C for 10 min followed by a touch down proto-
col consisting of 1 cycle of denaturation at 95°C for 15 s,
annealing at 64°C for 30 s, and extension at 72°C for
30 s; 1 cycle of denaturation at 95°C for 15 s, annealing
at 62°C for 30 s, and extension at 72°C for 30 s; and
48 cycles of denaturation at 95°C for 15 s, annealing at
60°C for 30 s, and extension at 72°C for 30 s. We used a
positive control in each batch of test by adding a known
amount of MG to the PCR mixture as a control for the
PCR efficiency.
Data analysis
All data from the questionnaire were double entered
into computer using EpiData software (EpiData Associ-
ation, Denmark) by two research assistants. Compari-
sons of the categorical data were performed using
Pearson χ2 test. The univariate regression analysis was
used to preliminarily determine the risk factors asso-
ciated with MG infection and estimate odds ratio (OR).
The factors with significance level at p< 0.10 in the uni-
variate analysis were included in a multivariate logistic
regression model to the risk factors which independently
associated with MG infection and estimate the adjusted
odds ratio (AOR) as well as 95% confidence intervals
(95%CI). A probability level of p< 0.05 was considered
statistically significant. SPSS for Windows 13.0 (SPSS
Inc, USA) was used for statistical analysis.
Results
Socio-Demographic characteristics
From July to September 2009, a total of 810 FSWs were
recruited from the two cities. The mean age was
26.53 years old (range 18–52 years old), and 80.6% (652/
809) of them were of Han ethnicity. Out of the 810 par-
ticipants, 15.8% received an education at senior high
school or above, 57.4% were single. Less than half
(41.6%, 336/808) of the participating FSWs were local
registered residents. Similar numbers of FSWs were
recruited in Wuzhou City (406) and Hezhou City (404).
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Three-quarters (598/810) of the participants received at
least one of the following kinds of health care service in
the previous year: the introduction of STI and AIDS pre-
vention knowledge, STI examination or treatment,
testing and consulting for HIV and syphilis, the intro-
duction of condom use, and free condoms. Among 810
participants, 57.4% (465/810) presented at least one of
the STI symptoms (discharge, pain, bleeding, discomfort,
etc.) in the previous year, including 37.5% who had only
one symptom and 19.9% who had more than one. Ma-
jority (82.1%, 665/810) of participants reported condom
use in the most recent sexual transaction. Over half
(59.6%) reported consistent condom use, 31.1% reported
used condoms sometimes during the previous month,
and 5.3% reported never using a condom. Of 807 partici-
pants, 11.8% (95/807) reported drug use in the previous
year.
Mycoplasma genitalium prevalence and risk factors
The real-time PCR successfully amplified the 78 bp frag-
ment of the mgpA gene in 107 of 810 cervical swabs,
yielding the overall MG prevalence of 13.2% (95% CI =
10.87%–15.52%).
In the univariate analysis, MG infection was signifi-
cantly associated with less education consisting of junior
high school and below, being single, living alone or with
partners rather than husbands, migrant background, and
absence of STI symptoms in the previous year. No asso-
ciation was observed between MG infection and ethni-
city, health care in the previous year, condom use in the
most recent sexual transaction, frequency of condom
use in the previous month and study city.
Multivariate analysis indicated that MG infection was
only independently associated with less education
(AOR= 2.36, 95% CI = 1.15–4.87), being single (AOR=
2.27, 95% CI = 1.42–3.62), migrant backgrounds (AOR=
2.03, 95% CI = 1.29–3.20), and absence of STI symptoms
in the previous year (AOR=1.66, 95% CI = 1.09–2.52).
Socio-demographic and behavioral characteristics, uni-
variate and multivariate analysis results are shown in
Table 1.
Discussion
In this study, the MG prevalence of 13% based on PCR
assay among 810 FSWs in two cities in southwest China
is similar to that reported among FSWs in other Asian
countries (12% in Indonesia [19] and 12% in Japan [20]),
but lower than that in some African countries with high
HIV prevalence (26%in west Africa [14] and 16% in
Kenya [15]). In comparison with other areas in China,
this rate is slightly lower than that 16% and 17%
reported in two studies with small sample sizes (72 and
75) of FSWs in Jiangsu Province in 2005 [16,17]. Aliterature review based on 48 published reports of MG
urogenital infection in high- or low-risk populations
worldwide indicates an overall prevalence of 7% and 2%,
respectively [11]. The prevalence of MG in our study
population is higher than not only the overall prevalence
in low-risk but also that in high-risk population,
indicating the needs for public health interventions in
the study areas.
In the present study, we assessed the associations be-
tween MG infection and socio-demographic and behav-
ioral characteristics and STI symptoms (discharge, pain,
bleeding, discomfort, etc.). A significant association be-
tween MG infection with less education is consistent
with the finding of an earlier study in west African [14].
This association might be attributed to working on street
and outdoor places with more sexual partners, and less
knowledge with STI prevention, and poor seeking health
care services of those FSWs with less education. Single
FSWs had higher MG prevalence, and single status is
related to younger age. More sexual activity, and pos-
sibly less knowledge and experience with STI preven-
tion, including less use of a condom [21], could be
reflected by younger age.
Unlike prior cross sectional studies of women [14,20],
absence of STI symptoms in the past year was associated
with MG infection in this study, The lack of association
between MG infection and the presence of STI symp-
toms might be due to the following reasons. First,
presence of STI symptoms in the past year were self-
reported and recall bias might exist. The subjective feel-
ing and limited nature of reproductive tract symptoms
also could contribute to the causal associations with MG
infection. Second, if STI symptoms were very slight, they
could be ignored. Third, the biologically confirmed rate
of current sexually transmitted infection has been re-
peatedly found to be higher than self-reported STI his-
tory [22]. For instance, in one study, only 19.4% of 454
FSWs in Guangxi reported a history of STI, while 41.5%
of them tested positive for at least one STI [23]. Further-
more, younger women may have more biological suscep-
tibility to some STIs due to cervical ectopy and less
likelihood of acquired immunity from previous STI ex-
posure [24,25]. This may be a reason why a past history
of STIs was negatively associated with prevalent STI in-
fection in this study. However, further studies are needed
to provide more evidence on the protective immunity
related to MG infection.
The finding of our study suggests that MG infection in
women is more likely to be asymptomatic or have few
slight symptoms, which may easily be ignored and
undiagnosed.
In China, rural-to-urban migrants have been found to
have higher sexual risks than local residents [26]. Mi-
grant FSWs have been found to have low rates of
Table 1 Socio-demographic and behavioral characteristics, and factors associated with Mycoplasma genitalium
infection among female sex workers in Guangxi, China
Variables Female sex workers MG infection OR1 (95% CI2) AOR3(95% CI2)
Number (%) Number (%)
Age (year) p = 0.38
≤20 152(18.8) 24(15.8) 1.63 (0.87-3.06)
21-25 276(34.1) 35(12.7) 1.27 (0.71-2.25)
26-30 177(21.9) 27(15.3) 1.57 (0.85-2.89)
≥ 31 204(25.2) 21(10.3) 1
Ethnicity p = 0.1
Han 652(80.6) 80(12.3) 1
Ethnic minorities 157(19.4) 27(17.2) 1.48 (0.92-2.39)
Education p= 0.028 p = 0.02
Junior high school or below 682(84.1) 98(14.4) 2.22 (1.09-4.52) 2.36 (1.15-4.87)
Senior high school or above 128(15.8) 9(7.0) 1 1
Marital status p< 0.001 p< 0.001
Currently married 317(39.1) 28(8.8) 1 1
Single 465(57.4) 78(16.8) 2.08 (1.32-3.29) 2.27 (1.42-3.62)
Divorce 28 (3.5) 1(3.6) 0.38 (0.05-2.92) 0.37 (0.05-2.87)
Cohabiting status p = 0.012
Living with spouse 134(16.6) 7(5.2) 1
Living alone 321(39.7) 43(13.4) 2.81 (1.23-6.41)
Living with others 354 (43.6) 56(15.8) 3.41 (1.51-7.69)
Residential status p = 0.005 p = 0.002
Local residents 336(41.6) 31(9.2) 1 1
Not local 472(58.4) 76(16.1) 1.89 (1.21-2.94) 2.03 (1.29-3.20)
City of recruitment p = 0.37
Wuzhou 406(50.2) 58(14.3) 1.20 (0.80-1.81)
Hezhou 404(49.8) 49(12.1) 1
Receiving health care in the past year p = 0.63
Yes 598(73.8) 77(12.9) 1
No 212(26.2) 30(14.2) 0.90 (0.57-1.41)
Presenting STI symptoms in the past year p = 0.03 p = 0.02
Yes 465(57.4) 51(11.0) 1 1
No 345(42.6) 56(16.2) 1.57 (1.05-2.37) 1.66 (1.09-2.52)
Condom use during last transaction p= 0.34
No 119(14.7) 14(11.8) 1
Yes 665(82.1) 92(13.8) 1.20 (0.67-2.19)
Declined to answer 26(3.2) 1(3.8) 0.3 0 (0.04-2.39)
Condom use frequency with clients in the past month p= 0.313
Never 43(5.3) 5(11.6) 1
Every time 483(59.6) 62(12.8) 1.12 (0.42-2.95)
Sometimes 252(31.1) 39(15.5) 1.39 (0.52-3.76)
Declined to answer 32(4.0) 1(3.1) 0.25 (0.03-2.21)
Drug use in the past year p = 0.062
No 712(87.8.) 88(12.4) 1
Yes 99(12.2) 19(19.2) 1.68 (0.97-2.91)
1Odds Ratio.
295% confidence interval.
3 Adjusted Odds Ratio.
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[27,28]. This risk behavioral characteristics of migrant
FSWs is also reflected by a higher prevalence of MG
observed in our study. The association between condom
use and MG infection was not observed in this study,
which was consistent with the results from the west
African FSWs study as well as the Uganda FSWs study
[14,29].
Even though the overall HIV prevalence in China is
low, HIV infection through heterosexual transmission is
increasing [30]. In light of the rapid spread of classic
STDs with high prevalence in FSWs [31] and the exten-
sive use of commercial sex by their clients, FSWs are a
high risk population for HIV/STD infection and for in-
creasing the risk of HIV transmission. A significant asso-
ciation between MG and HIV infection has been
observed in many cross-sectional studies and is well-
reviewed. In a systematic review and meta-analysis of 19
studies, MG infection was associated with a 2-fold
increased risk of HIV infection [32]. MG organism bur-
den is associated with the shedding of HIV-1 DNA from
the cervix [33], suggesting that MG infection may facili-
tate HIV transmission. Regarding the high prevalence of
MG infection among FSWs in China, active interven-
tions of MG infection will have not only implications for
decreasing disease burden caused by MG but also pre-
venting sexual transmission of HIV among this popula-
tion and their clients.
After the initial isolation of MG three decades ago, it
has been repeatedly identified as a STI pathogen. Al-
though MG prevalence in high-risk population such as
FSWs is gaining increasing attention worldwide, only a
few studies estimated MG prevalence among small
Chinese FSW populations. This report is the first to de-
termine the prevalence and risk factors of MG among a
large Chinese FSW population.
Since MG is extremely difficult to culture, several PCR
methods are now commonly used to tested MG, includ-
ing: conventional 16 S rRNA gene PCR, real-time 16 S
rRNA gene PCR and real-time mgpA gene PCR. Jenson
and his research team developed the real-time mgpA
gene PCR method in 2004, they also compared the spe-
cificity and sensitivity of this method with conventional
PCR for detection of the 16 S rRNA gene. Results
showed real-time mgpA gene PCR to be more sensitive
and have less inhibition [18]. Another subsequent study
compared the above three different PCR assays, and
results showed that among them, real-time mgpA gene
PCR had the highest sensitivity. The authors concluded
that it was well suited for the clinical diagnosis of MG
[34]. Thus, we chose real-time mgpA gene PCR to test
for MG in our study.
The present study has several limitations. First, data of
socio-demographic and behavioral characteristics wereself-reported from face-to-face interview, recall and re-
port bias can be a concern. Second, as our study subjects
were not a representative sample of the FSWs popula-
tion and a convenience sample based on venue-based re-
cruitment was used, any generalization of the results
from this study should therefore be made with caution.
Third, when we compare the MG prevalence among
studies, we should keep in mind that due to the use of
different test methods, sensitivity and specificity may
vary and therefore may partly affect the results. Since we
did not perform the inhibition analysis by using the real-
time mgpA gene PCR assay, MG infection rate may be
higher and accuracy of the test results might also be
influenced by the quality of the samples. Finally, this
study did not investigate the associations of HIV and
other STIs with MG infection.
Conclusions
In this study, the overall prevalence of MG infection was
found to be substantial among FSWs in study areas.
These findings highlight the needs for increased atten-
tion towards prevention and intervention of MG infec-
tion among FSWs. Routine screening, timely diagnosis,
and treatment of MG infection should be considered in
comprehensive HIV/STI control program in China.
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